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awa, N. Eur. J. B.ochem ^2M-296 199* ) . * . (astaxanthin- 

? « ° ,L7mmm TParacoccus sp. MBIC01143 Urrnhacterium aunmuacum) O 
] 6#»crlW *fc^2** J * * 1 > • 1 . crtB, crtl. crtY 

n r V 

IgcD crtE , crtlk crti> crtY® tk-t- ^ , _ rt ^ > - ^is«m«* /~&±>K^ n y ii 
v^5'*'* :I ' : ' «^«tU «45 (HI) . 

f Tt 7ft" *°f^ K£**»fB*«> £ * * 
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■ a Lt*r ca^ id — ™ - 

synthetic pathway proposed at the gene level. J. Bactenol.. 1", 

' 1^***2] Yokoyama, A., Miki. W. . Izumida, H. , and Shizuri, Y. New tr 
ihfdfoxy kSo-carotenoids isolated fro. an astaxanthin-producmg manne bact 
erX Biosci. Biotech. Bioche. , 60, 200-203, 1996) 
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7^71; -^fp^L/Co *nf/^ni4tS^f ( Erwinia) JSOT 

-T • ^1/F**7 ( Erwinia uredovora ) ^-fe#DNA£ffiv*-t\ ^MKistf* 

9fi^<7)crtE> crtB, crtl> crtY. crtZ«fcT- (HI 1 #H) tmXZfcX-Z T^^V 

£v*"C£kI,± N fe^lbLfckOti#ib*L&^o:fc?>-C\ 7O0tt3£*U HPLC-PDA (7* 

* J k)&ir2> i><D&£-<nbtl%fr^?z 0 W:^T, 7 WOtV ^e-7-*mSD-212$c<9# 
ofM F£^j£«fc^S&3l*n-->^fc^TO^&£ b&mLtzo 
[0 0 121 

>^^f , -9-^J-9--tf (crtl) mtttf* n r- y W KI4IIWi?2oo# 

T, ri/^^T-M^T^^SSD^^^fe^DNA^^ai: LfcPCR^^To^t^5> 1.1 kb 
(ODNAHlfJt^liil'S^tL^o Z<Dmm<7»&mW&)*®:%.Ltzt cxtI<DUfrM&}'?$>2> 
^tfrt>fr^tz 0 i^crtl^SE^JW^^^n-rt IT, SD-212*^ a* 5 K9 A 7? 
} ) — ^|V^3D-- ^N>f ^'f -If— a > (colony hybridization) feSrtro/cfci 
9km<Dm®i^v=--&nbfrtz 0 Stt3D--*^7^? FDNA£fii£U *MF>' 
>>W "fV > (Southern hybridization) ft^lfv^ R§t£cD12 kb^EcoRI<7)DN 

A»r)t£#/co ^Q12 kb<PEcoRIBf JtOtt&Bfll £ ftfe Lfe fc £ 3 , 
Bf^i:*nf;-f Kfe-frjaa^P* [gfc^OcrtJHST (6-H) X»±idi*^ (lo) fc 
*^en^-^^)^0RF (i-^VJ-f-f >^7l'-A > open reading frame) A s 7o] 
/JW^ii^^^^^^o -<^12 kbOEcoRIWfM-rttwtt, *£noORF3*5o 

ftLTV»fc, i*L<bl2fll^>0RFi-^T*. ^-pUClSl^t&iadtfc^O^n 

* ospjffl t Laczo 'j - vmm zmm l?zm&* «t »? ^m-^anwf&ss 

«f:i6©3^^^^{|IU. fits xjvh;^7II1^;I^7 3^^ 
mW^crtst^^flJffl^J; t5#ffi*nry >f F*M£.-$'Z>jzWr'% Lt, CtL 
fbfiO^^ORF^HI^^f^^To/Co *tf>iltf*, gt^OTja^y-r F££-}& (crt) afc^ 
i*tn y-^abo/tfrlH^ORFtt^iSjiiJ^iB*^**^^^^ F£#J£ (crt) it 
&Zktft>fr tzo L"C> *£n<£>0RF?>d^<7>lo (0RF11) # /ff->f >»-2 

[0 0 13] 
[0 0 14] 

iq^ *f&iH!te> JSLTo (1) - (8) *H#fc1-&&o-e**o 

(1) J£TF«> (a) , (b) , Xt± (c) KTji-t^zf?- V : 

( a ) 4 tamo T ^ y ^IB^I^ & * * >\ 

( b ) @E?iJ#-*5- 4 mn<0 T < J WEM C«v»tHU< ti^icl® <DT J m^ ? #*n. ^cffe 
>m-2-V: Kn*«>9- tfett**-*-*^"/^ F 0 

(2) £HTO (a) . (b) „ Xli (c) K* a- K-r*«^- : 
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.) SD-212 * (SD212;MBIC 03018) * ; *±^«X*nt^ Ktt, 2-* 

K^v7X^r^> (2-hydroxyas axant^ ^2-^ k^** t 

2- hydr oxyadanixanthin) *02tt «***K2 

2. »#W^^^^^^*^2*^ 212 .?^ SD-212 # (MBIC 03018) Mtt 

y _4,4» (2.3,2' ,3' -^J^y;^^ ^ ^ 3 f -tetrahydroxy- j8 ,^ -carot 

3 -T + 7*ru*rsp,P (2_hydroxyastaxanthin,2,3, 3 -trinydr 

en-4-one) . 2- h n * ✓ T * 9 =f T ✓ 7" v __ ^ ^ y ^ y ( 2 -hydroxyadonixa 

oxy- j8 , 0 -carotene-4, 4' -dione) > 2- : r j.U^a*^Vf-> (erythroxan 

nthin;2,3, 3' -trihydroxy-^-caro en-4-o^ ^*£g m o ^ SD _ 212 
thin; 3,2' ,3' -trihydroxy-^^-carot^-4-one^ LI*2> (4^ >*7**>*>) 
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aM&Hfct^ &T<*> (a) . (b) * XB ^ 

***** *»S«*^-f^'J*--f*-^fi*5J* V £2 w« f0 5XSSC, 0.1%S 
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[0 0 2 3] ^yva2-liKa^v'7-t? (crtV) SisH^ 
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V (2- t KD^^>^t/f/ ; 2 " 2 tKn^W^t>f^A 2,3,2' , 
f - vT 4 ft *V C ft* *l« Wtfli ft v> 0 

Bwi*^: EcoBIT?pCoB5-2»feg 9 »**Lfcl2 kbO®r*<^Jo 

4 : 0RF11** 3 - T 5 y miB^Jo 

[0 0 3 7] , i»\ 

E^J#^5 :0KFl<&i»fiJB<&7*?>f^- (7*7- M 

BB?iJ#^6 :0RFi*>*iHBfl§«>7'?>f<r- < 1J 

Eft** 8 :crtWQjj^ffl^^7>f^- 
lOT£-5§-9 : crtY^ifMPI^T^^- (7*7- M 

C rtIg>tliCT<£> (7*7- F) 

crtB<^iiTO077^^- (7*7~H 



0RF6W*|iPlfflw7^'f^- (7*7-F) 

0RF6<9iii1)I^7?-r (V 
0RF7Oi|itiiffi<7)79^-7- (7*7- H 
0RF7O*SilBffl^7'9'f ('J'*-*) 
crtE^Hilffl^79^^- (7*7- F) 



1 0 

1 1 

fB?iJ#^ 1 2 
@S?iJ#^- 1 3 
RyiJ#* 1 4 

w&m^ 1 6 

@B^iJ#-^ 1 7 
R9IJ*# 1 8 
@5?|J#-S§- 1 9 

2 0 

@33nj#-S§-2 1 
@£^|J#-^ 2 2 
@E?iJ#-5§- 2 3 
IB^illr^- 2 4 
@B^iJ#-^ 2 5 

Bayij#-s- 2 6 

@E^iJ#-^ 2 7 
@£?iJ#-S§- 2 8 



idi©J!i1iBJ8o7 , ?>f^- (7*7-h) 

crtZg>ijipgffl^77^^- (7*7->) 



ORFllOitM^T'^^^- (7*7-H 

OKF12©i**IJB<0 7'?'f (7*7-H 
ORF12G>iitIJB0>7 , 9'f (V 
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r ti0 WTtW E-nj* et .1 1989) M^*^*^ 

TVtf->'J> (ampicillinlto , lOO^g/ml) ittt, 7 n 7 a / x 

mphenicol ; Cm, 20 /<g/«l) 

iv2iil*V»*ffly»^S KpCAR-Cantha. * T K=+* 

■SV HOMO K San. T S„ S , H F-ser. P ^sawa, l^. 

*-AvaIfcNotI-e«J»fLT, 0.76 kb Aval-crtW-Notl^'Sr^TLo 
H1437 ' 5^GTCCCGAGAAGGAGGCTAGATATGTCCGCTCACGCTTTGC--3' 

alI - CWBfU-C N 1.1 kb Not I-crtE-Sal I ©f 
H1431 ' 5 ' - AT GCGGCCGCT TATAAGGACAGCCCGAATG-3 ' 

H1432 I 5' -C AGTCGACA TCCTTAACTGACGGCAGCGAG-3 ' * Nn tT*R4fr**-LT 
<EttU pACCme^rtmval/SallM^tT^-b^ ; crtY. crtl. erg******? 
Jt fc*tt-r* - K * ^ > 1/9 * 5 KpCAR-Cantha=Sr#/io 

JLI 4 n»fc±fW>0.76 kb Aval-crtW-Notl^tl.l kb NplI-c^-^I^ ^ 

^SlZttt^lffrfcWtti-^J:^ hpCAR-Asta*#^o 
[0 0 4 4] 
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Brevundimonas sp.MBlC03018 2-*«Mt*n^K«>*«*« WD-212 ft) 
Escherichia cpli XL1~Blue MR aX3K***-. SuperCosI B± 
E. coli DH5 Of 



pACCAR16AcrtX 
pACCAR25AcrtX 
pAO-Cantha 
pAC-Asta 
SuperCos 1 
pBluescript II KS- 
pGEM-T Easy 
pUC18 
pCos5-2 

pCRTI-SD212 

P 5Bre2-15 

pUCBre-011 



Yokoyama et al, 1996 
Stratagene 
TOYOBO 



Cm r , crtE , crtB. crtl. crtY g fr t?^?XSK 
Cm r , crtE, crtB. crtl, crtY, crtZ £ frt?^9X3F 
Cm'. crtE, crtB. crtl. crtY, crtW£ ftt?^5X5K 
Cm r . crtE, crtB. crtl. crtY. crtZ, crW *4t?^9*5K 
Ap', axaF***— 
Ap r . — 

Ap r , £CI— — ZsV^W— 

A P r . *n— i^***— 

Ap r , Brevundimonas sp. MBIC03018 47 kb CD DNA 

»^(Sau3AI t?»»»l=»Hb4*lfctO)4< SuperCos 1 <D 
BamHI A$*Lfc*<D 

Ap', Rrevundimonas s p. MBIC03018 ft crtt*< PCR 

ifg$*l pGEM-T Easy I^A*ftfc*><& 

Ap', pCos5-2 12 kb (D EcoRl pBluescript II 

Ap'. P 5Bre2-15 &*<D 2-*lfcH»afi^ PCR 75^*1 
S*U PUC18 lcgA$tLfe4i<P . 



Misawa et al, 1995 
Misawa et al. 1995 

Stratagene 
TOYOBO 
Promega 
TOYOBO 



Ap r , ampicillin Btt. Cm r , chloramphenicol 5»tt 



q k™w T Fritsch E F and Maniatis T. 1989. Molecular cloning: a labor 
atory Zua 1 2nd la Cold Spring Harbor Laboratory Press, Cold Sprins Harbor. N 

^Yokoyama, A.. Miki, I.. Izumida, H.. Shizuri, Y. 1996 New Trihydroxy-keto- ca 
rotenolds isolated from an astaxanthin-producing marine bacterium. Biosci. Biote 

chnol. Biochem. 60:200-203 . c 0 :4- 0 t Ohta 

Misawa N Satomi, Y. , Kondo, K. , Yokoyama, A., Kajiwara, S , Saito, T. Ohta 
ni T and' Miki W 1995. Structure and functional analysis of a marine bacten 
al'cL^iS oiosyntnesis gene cluster and astaxanthin biosynthetic pathway pro 
posed at the gene level. J. Bacterid. 177: 6575-6585 

m&OSambrookib (1989) ^Molecular Cloning (Hfc©**) **-■/<- 

C^VVw^,^^^ 03018) ^ 300 m 

^wtvr-f w* stem* 

1 (^Marine Broth (MB)^Sfe (Difco) -e25*C, 3H W« * U 2:1.52 if St:t?15^fH^ 
(100 mM NaCl, 10 mM Tris • HC1, 1 mM EDTA, pH 8.0 ) *-H**l" ( f^) i%Zf 
WbfcflU 5 mg/ml O'^/f-A (Sigma) 2:100 /« g/mlORNase A (Sigma) **trl 

riE#2 0 0 4-3 1 1 5 2 3 5 



#B2 0 0 3-3 8 8 1 6 5 '■ 117 

ft (50 - 25 ril Tris • HC1, 10 mM EDTA, pH lllEMtt. i^-ST* 

SJ • b Lfc«. 250 „g/mlC*S i } KProtenase K (Sigma) *inx. 37 CXI 

^ 2 »1<0TO««* (10 mM Tris • HC1, 1 nM EDTA, pH 8.0) k*»L C ^» 
C 5of^ SSmS^J b^W**-* (phyto f e desaturase ; J -f h 
C-3' ) ***U (TaKaR 

NA*T#n-**'**&*J<>ffiU ffim (Qiagene Gel Extraction kit ; QIAGENE.JbU 
<ttGene Clean II Kit. BI0101) Sft^- * v^pptt sr>9i? kA-^tt T>tT'> 

/.ylA" KB Big Dye Terminator Cyele Sequencing Ready faction Kit ver 2 (Per 
Uschu. and *^ » 

AU 0 schul 8 S. F. and Lipman, D. J. 1990. Protein database search for multiple a 
ligaments. Proc. Natl. Acad. Sci. USA 87: 5509-5513. 

™*|**S. ± Stratagene* W SuperCos ^T^7 ^ZZTSl^mt 
Vl-;<^-v>-//llt. *LT, *)BS (Escherichia coll) XU-Blue MM*. 

&llVr~>*-S»«0» 1 (Stratagene) 

2004-3115235 
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»t#SL/^7^5 KpACCAR25 A crtX J£7*WT>*ftZ>jzmn*iB 
±tLt^IU3X5 K7'f-/7 , J-7003n--^v^T, #*2 mlo'oJg#L, T 
%b>t*Dr^ KfeJftafflL^, HPLC-PDA (7* h^*-K7V-f*ttS) # 
#ffcJ:»K *of^K^Woto 3?*fcWu aafc«llfc3*t<*tTV»4o 

y -? w < y 7 4* i-z JgSD-2l2$tf)#n T J 4 K^J&itfc^W^* U-=-y ^Si^nJ 
[0 0 5 2] 

**«5-Cft«bfc*«XLl-Blue MR*fi£fc U^SLfc^ ^*7^7'J - 500 

^ (crtl) 0«mt^n-^i:U, a n-wW (colony hsj 

ridization) ffi*tfv^ crtI3tfe?-tr»tr» n-><P*» U -~ vyfcfrofco *^ * 
|&W«r^U-Mc«[x.37 , C-ei&*Lfeo »SW^-^^f> 48n 

n--folit#ltfco — Bfc»&#?&> ifiS82 mmOHybond-N+^ (Amersham Pharm 

acia) tT'V-hC**, M$feiep^oltfco .* >7 W/Srti^U B7#**tt*bfc 
S£±K[6]tj\ 10% SDS*«t«r-g-^/*3 mm* ft (Whattman) -C5fi-HK V 
£ <b^ft« (1.5 M NaCI, 0.5 M NaOH ) *<£A,*!3 ■nfctt'CSfl'IBK J"**"*- h * 
?TV> (1.5MNaCl, 0.5MTris-HCl) K5fl-|B|otffc (20) 

o §e.^2XSSC-C2@ft»Lfc. |B«loaW-*SI$4:v»J:^»c*A^*^-C^ 
^7W>ta<£tofc« Wl, r/7»tt, ^fA^;K *A7-f yji-C30*M* 
801CC2Rf|llbakiiig*fifv^ ^ ^"7* EDNA'S: S^Lfco 7n-7li, 3D--;n 
W ^ -fcf-v a >Kf±Alkphos Direct Labeling and Detection System (Amersham P 
harmacia)*fflv>. «^7n>n-W:f,t, a "T* "^"^^ 

o/^o *-o*s*> 500^0^ o->^p>, y<t hx'/ftfa^-tafef- (crti) was 

ftfco 6fl^*°yr^7^n-y^|Etl)7°7^5 pCos5-l. pC 
os5-2 N pCos7-l> pCos8-l. pCos9-l> pCoslO-l t&^Wtzo 
[0 0 5 3] 

C2SJfc0ll8] "9- If 7 } ) •K--> 3 ^ 

HlfeW-CStfeSft*:. 6o©#^-f7*^n->t, Ap*«L7c2 mlOLB^#^%"C 
• 37 o C — Ky&*Lfclfe, -7°7^5 KDNA^attib^o WfcBf^^* 5 KDNAtt, EcoRI-C3 
T'c/scRtflK >^a^-hU ^M<bb7c^ *«IWw*fi l ofc 0 a>>n-;VtL 
T ^ ^-OSuperCos 1, T WO -7* 4 ^*MSD-2l2<?)3&tL#DNA£|W];if KM'fb L-fc 

*<o*fflv^o naaoBifcti^ /M<7)t7v u ^Mom^iftifMupid (3**^**) 
zm^i%7iru-xr)v*m^t5o v-e^i^idi^ff^^o wan^7 7 

y-KlilXTBE/O 7r-tM, y;K±m^*»im> *f?fA7n7/( K-C#rfeL 
, jatt^c-ettfeft, UVHR»T-e«*i^*Lfe (03) o *O«0.4ll NaOH»«*fflv>-C^ 
^ tf 7 ij-7n yf^ V^fcfr 9 ^ ^ J: <9 7-^f n >^ >7l^> (Hybond N+) K. \ y s 
X7 7 -Ltz 0 QkMlk, * V^VVfcSOt^BSMRU (baking) fcffv^ ;* ^ 

:7V>fcDNA*H5£Lfco *«>lk Alkphos Direct Labeling and Detection System (Ame 
rsham Pharmacia) *BJv^ i#07n^-M:fot, 

=Mrofc 0 yn-^»C{±, KTifeLfc?* h jo-T^* 9 — (crtl) OSP 

7>8fr>T-£7 p n-:/i: Lt|v^„ 60©*^^ T^n-vw-? t>pCos5-2._pC 

os7-l> P Cos9-lW3o0^n->tCj3v>T. 12 kb^EcoRlErmc^vV -f -f*/ 7 
tb b fitz (03) o avfn- ;voSD-212^-fe#DNAf±, *$C*tt"C?IB Lfc £ % . mfr 

ffifE# 2 004-3115235 
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Wfr M l^fM^ ttEcoRI J: * ^ftPR* * *ufc C k ft *• • * 3? 
5*™U:/*n-y©?9*3 KkSuperCos 1, ^V;tVf^t^M2ftO»fe 
#DNA*Ba m HIfet<tiBa#I-EcoRI^tt. m«<>**t*Tofc (84) I . • 
iriiM^ff^fc^^ 9 Kb©DNAHrJ$*fc#S>^ rv^t^*?'^ BagHI- 
BMH«**ft*tfofctO-Ctt, 8.2 kb©*^-f ^^«Ofe*tfc. yw< 

[0 0 5 4] 

*lk«8T?«ft*^3o©l»tt^n-> (pCos5-2, pCos7-K pCos9-l) ^fjjf"? 
£fflv> 12 kbO#A»fM-^EcoRI««9ffiL, 7? * 5 Y«* 9 -pBluescript I] : KS-O 

?^U**»BU, «iffi3*Lfc:/?*5 K»±Big Dye Terminator Cycle Sequencing Re 
adv Reaction Kit ver 2 (Perkin-Elmer) t model 3700 DNA sequencer (Perkin-Elmer)* 

*2) liGeneMark.hmm (Lukashin A. and Borodovsky M.) JBv>»fc*3 P***«_r 
. SWKWOWft^trtfv^ 12 kb©K**fcl2*©GKF (open re ^J^> 
Lfc (BIS) o Blast *Ev>, WOT^^rav^O^nf-Wtfl^ 12 
*«0**7*tt. Bl»0*n^y>f K*^A»^ (£ra JEtL £gL ^|^' J§ 

(Misawa et al. 1990, 1995, Hannibal et al 2000) ft < lift 

f-C^^^o/' L^ 0 t> T'wr/f'fttXi ( Brevundimonas sp. J bD-^l<i 
[0 0 5 5] 
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[&2] 

Brevundimonas JS SD-212^(D^7 □f/'f H ££-J&3te^*KyW$"* 



ORF£ 


GC% 


T5/MMM 


ft ¥S£*v&«tt 


^ott^WKDae^jstttoflHtt (%) 


GenBank number 


ORFl 

crtW 

crtY 

crtl 

crtB 


69.7 
69.6 
70.2 
67.3 
72 


140 
244 
392 . 
489 
310 


p -tors vtfWt-V 

')3A»*7-fe* 

7-fhi»V*-tf 


CrtW: Brevundimonas aurantiaca (96) 
CrtY: Xanthobacter autotrophicus Py2 (53) 
Crt I: Xanthobacter autotrophicus Vyl (72) 
CrtB: Xanthobacter autotrophicus Py2 (54) 


AAN86030 
AF408848 

A C/infiQAD 

ArnUooW 
AF408848 


ORF6 


75.8 


355 








ORF7 

crtE 

idi 


74.6 
71 
74.9 


315 
298 
350 


GGPP *»$Hf 
TypeH IPP-fV/7-H!" 


CrtE: Xanthobacter autotrophicus Py2 
IPP <f VJ*7Hf : Pantoea agglomerans EholO 


AF408847 
(55) Q01335 


crtZ 


66.9 


161 


£ -Aaf> C3 tKP^V7-f 


CrtZ: A/cfi/f^cn« sp. PCI (49) 


Q44262 


ORF11 


70.7 


257 








ORF12 


66.7 


122 









CrtW Brevundimonas aurantiaca (GenBank number AAN86030 ); CrtY, Crtl, CrtB, CrtE, Xanthobacter sp. Py2 (GenBank no AF408848 
^ToS^PP^ZtuXp^a^IomeransEholO iBrwinia herbicola) (GenBank no. Q01336); QtaAkaheenes*. PCI (GenBank no. 



Lukashin A. and Borodovsky M. , 1998, GeneMark. hmm: new solutions for gene findin 
g, NAR, Vol. 26, No. 4, pp. 1107-1115. 

Misawa,N., Nakagawa.M., Kobayashi.K. , Yamano.S., Izawa, Y. , Nakamura, K. and Harash 
ima K 1990. Elucidation of the Erwinia uredovora carotenoid biosynthetic pathwa 
y by functional analysis of gene products expressed in Escherichia co±k J. Bact 
eriol. 172 (12), 6704-6712 

Misawa, N. , Satomi, Y. , Kondo, K. , Yokoyama, A., Kajiwara, S., Saito, T Ontan 
T and Miki W. 1995. Structure and functional analysis of a marine bacterial 

'carotenoid biosynthesis gene cluster and astaxanthin biosynthetic pathway propo 

sed at the gene level. J. Bacteriol. 177: 6575-6585 . 

Hannibal.L., Lorquin.J., D'0rtoli,N. A. , Garcia,N., Chaintreuil,C , Masson-Boivin 
C Dreyfus.B. and Giraud,E., 2000. Isolation and characterization of cantnaxan 

ihin biosynthesis genes from the photosynthetic bacterium Bradyrhizobium sp. str 

ain 0RS278. J. Bacteriol. 182 (13), 3850-3853 

Larsen,R.A., Wilson.M.M., Guss,A.M. and Metcalf.W.W. 2002. Genetic analysis of p 
igment biosynthesis in Xanthobacter autotrophicus Py2 using a new, highly ettici 
ent transposon mutagenesis system that is functional in a wide variety ot bacter 
ia Arch. Microbiol. 178 (3), 193-201 

k^c/jui'j r .„„„«-_,. m. >. _it^io frrsvnQf\\ m n — 



jyy^hV^— (lacZ) ©y - KBfl 

WA#y**-*l±L*-T*l (TaKaRa)*fflv^ #*96TC-C5*IB***^ 98X;T20*k 56 
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-^y*t»iM»t»»Itfc. »9©MMtt*' EfiaKIIcJ:**ftfc 
, BamHI^L<tiXbaIlcJ:^,rmb^fv>o WT^n-xy^mAiMIl**-**^. 
HWO*$ODHA*T?5rn-^^^e>««?mU ffi^ (Qiagene Gel Extraction kit, Q 
IAGEM Ib<(iGene Clean II Kit, BI0101) tffofc. © * tti S ^DNA t ipUCl_8OE^0 

tWfC, >^^-4f^7l®^T<^m^'b 3 S:^ 1 -'-^^JMetThrMetIleThrAsnSer 
WiP^ttS £?Kf*-9M >£*l/CV»& 0 



**«10T«Lfc^9^5 K«H> crtE, crtB, crtl, crtY, crtZ, crffl*^** 

7*5 F«U:o »ffl$*Lfc-/?*5 KttBig Dye Terminator Cycle Sequencing Re 
ady Reaction Kit ver.2 (Perkin-Elmer) tmodel 3700 DNA sequencer ^rkin-El^r) J 

npUCBre-E (lacZ: :crtE). pUCBre-B (lacZ: :crtB) . pUCBre-I (^ciUK pUCBre- 
Y (lacZ ::crtY)7puCBre-Z (lacZ: :crtZ) > pUCBre-W (lacZ : :crtW_) fcfco *:<, 

*<&fc #30*K^tt*nf^ K4ltt^^? K (chloramphenicol. Cm»tt) 

FtlXL, Ap, Cm*»lL*2 riOIJ«(W*tl 
iJ™E«MT-e30T:, 48HFM. ^^^^^^ 

^iL*o **5H**frV*. ±Y#*^U HPLC-PDA^jA (Waters Al ia 

nce2fi95*J:tra9967*h^*-KTWM») tfefw^f^o^ 
SKgel 0DS-80Ts (T0S0H)*J3v^ M*fM*. Afc (95%^^-*) 
iS 7 • 3) ■C5*BA«100%tMU, 5**610fl»©Ht?A* 100 %*fe*B* 100 % 

TV^Wt^ #m^EmpowerV7 f^xTtJff f J^I^ n ?f 

Tfflv>. 470 M t«PI«Wl^f"^SI!)«Dr;j « 
M^rttgmilftttiU g^cnitfcT (crtE, criB, crtl, flit C£ 

i)"fcpUCBre-Y QaeZ : :crtY)<P5&%^ *M"ett*fc »>lS*ofco 
[0 0 5 8] 
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Brevundimonas JS SD-212lfc©#«cr^fc^ 



SD-212 SJjEtDcrtae^ 
(tecZ :: jfrgcrt) 



pACC AR25 A crtE(crtB,/, Y,Z,X) 


FPP 


pACC AR25 A crtB(crtH,/, Y,Z,X) 


GGPP 


pACCRTHEB (crt£,B) 




pACCRT-EIB icrtE,B,l) 




p ACC AR1 6 A crtX (crt£,S,/, V) 




pAC-Cantha {crtE,BJ, Y, W) 




pACCAR16 A crtX(c#fE,B,/,Y) 




P ACCAR25AcrtX(crtE,B,/, Y,Z) 





pUCBre-E (/acZ::crt£) 
pUCBre-B (/acZ ::cff8) 
pUCBre-l (/acZ::crtQ 

pUCBre-Y(/acZ::crtY) 



'J3V> («Ui) 

pUCBre-Z (/acZ:: crtZ) *'7**>*><80%), WI*tt*V<10%) 

pUCBre-Z (/acZ ::crtZ) 7X***>f >(41%), 7Kr+t^>(47%) 

pUCBre^W (/acZ ::crtW) (90%), x+*/:/<5%) 

pUCBre^/V (/acZ ::crtW) 7X>+»>f V(70%), 7K-**>f>{8.5%) 



SSS^*Lfc/^5 KOH, «*«*5fe#***v><m. 0RF6, 0RF7, 0RF11 

KtaiUU, KttBig Dye Terminator Cycle Seq 

uefc ng Ready Reaction Kit ver.2 (Perkin-Elmer) ^ model 3700 DNA sequencer (Perki 

«^WpUCB?e-01 (lacZ::SD212-0RFl) . pUCBre-06 (lacZ: :SD212-0RF6 pUCBre 
07 (ir c Z-:SD212-0RF7) T^CBre-011 (lacZ: :SD212-0RF11) , pUCBre-012 QacJ: :SD21 
2-ORFliTfc^^tt^o »o£i:St«*^^ F ^?^*UiS 

12-0mi) pACCffil6AcrtX*^*^-*n^>Kfe*»W ( ^ tf \ K ^^Jts 
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Ktt Ztirti, B. p-*VT>-2,V (/?, /?-carotene-2,2' -diol ; 2,2 - 

ytVn*'>-j8-*nt» , RtT, /?,/?-#n-r>--2-*-JV (p , /?-caroten-2-ol ; 2 
-EFn^->-^-*of» -c**i:#*S*Lfc (@10#RB) • 

0Wll 0 <o» 1 if&affl7 p 9^5 KpUCBi-e-011 (lacZ: :SD212-0RF11) £> pACCAR25 AcrtX* 
SttlBr<T^>f-y (451 nm, 480 noO ©#fc#B*> * ^tUWKlfr** - ^ 
9.9^^452.2 run, 477.6 ^*tt*****M> If- * (07, 

(010, MWI13#M) o JSLhO**», ORFll#=-Ki-*»^MIr 

ntha (DH5a) ^7*5 KpUCBre-011 (lacZ::SD 

©|B*iR«l««tt**t-PtL, 478 run, 474 mfC* »K **Lfctf>«ti:0 -J*'***^. 

fele-^ttril^^^v-eav^fc^B*^ (08c) . ^T/owa 

t?*afcra5fe$tLfe (010, «i5!jl3») o 

*£!L 6 ^** KpAC-Asta m^7X^t>f ^7 
« (DhL) FpUCBre-011 (lacZ: :SD212-0RF11) »U *^11^L* 

a -f * ; h ***-r * *nf;oK*6 *L**ja« i*-uj 

[0 0 6 4] 

Se-01lXtfpACCAR25AcrtXt^XUfc^m*2V * ^ ^^2xYT^^^^ H ;^ 8 ' ° 
ML, 8,000 rpm-ClO^M^f *"« £ **** *^°JRS ^A** 

™ >?7^i?»|lfc. ili^^>-Mxf;v (8 : 2) (7 : 3) (6 

a) Lxxf (i • i) #ioo*yy*>*****«u ifeU37^ys/t 

SiIc-PDA-MS^«f, ^HMHWM^fc. HPLC-PDA-MS^ii, PDA (7* ^* 
^W).*B»ft6*5 3^nHPI£^^AkUT»&*»l«io Space SI-2*/Bv> 
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£*Ui-9— > (ThermoQuest) *±S2K * > h 9 y ^MKifl^SLCQ advanta 

rosil C30-UG-3 (1.0 mm i.d. X 150 mm) fcffiv*, :/ Vil v A LTDeverosil C30-UG- 
S£fflW> 0 vtffi&frfcL^ 0.1 ml/min OSCiSSTN 96%^ * ^ ->>V (A) "C12 min. kip- 
htert-**-*?***--?* (TUBE) (B) ^*7^>^ (B: 0-60%, 12-72 min) 
, Tot 4©tt«-C72-82fi«tBL*:o MSti*J?U£tt*M *Wt*fc (APCI) J: •? fcffi L, 
o 1 H-NMRti / * V 7 > tt»IN0VA750 ^fAUi l)ISU. 

HPLC-J'DA-MS^W (RT 13.48 min. A max 449, 475 nnu m/z 601.2 [M+H] + . RT 1 

7 75 min, A max 450, 476 nm, m/z 585.2 [M + H] + ) , l H-MIR«*r«>»** ±|B<?)2 0^ 
7 ^. >3 yi:fftt^*Or^^ Fii^^-TtL, y^h^r^^f-^ (nostoxanthin; 2, 
2' -ytKn^y-b*7^t>f >) tfn^-^f-^ (caloxanthin ; 2-fc Kn * 

tyMT^y^-y) X~3b& tfflfcZtitz (R. Buchecker, S. Liaaen-Jensen, G. Borch, 
and H. W. Siegelman, Phytochemistry, 15, 1015-1018, 1976) (H10#RB) o 

P JcBrV 6 01 6 lk^pAC-Cantha^*XL^»ffi*2U y ^2^2225^»^ 8 •^2» 

U 8,000 i^lOfrlM***""^ KK. ^*J^-£* 

d • i) 4 o 0 'J 7 HV^Jiit lP|»L/;o M> 
U 855U^9AO»ffi»*#fc. £fttf'J*^-6 0 (15g) *9^^^ 

5 WA4ft>-Stxf;v (8:2) (7:3) fcJtf (l : D # 

-of- W?. »0©279^Va>orasfe«:ffofco HPLC-PDA-MS^flf (RT 9.30 mi 
n, Amax 472 nnu m/z 597.2 [M+H]\ Jltf, RT 17.62 min. Amax 474 nnu m/z 581.2 [ 
M + H] + ) , 1 H4WR4Mff»cJ:»). CtLfett, 2,2' Fn*»-^MnrM4 -v 

(2 2' -dihydroxy-/?,/?-carotene-4,4' -dione;2,2' -VliKn+y*^H/ 
f-y) ' TSLZf 2-tKn^y-jJ,]S-*nf >-4,4' (2-hydroxy- /? , /? -carotene 

-4 4' ldi<me^2-fcKn*2/*>**fl->* 1 » -C** fcW5fe3*«-fc (V- Partali. Y. 0 
lsen P. Foss, L. Liaaen-Jensen, Comparative Biochemistry and Physiology, PartB: 
Biochemistry & Molecular Biology, 82B(4), 767-772, 1985) (BI10M) . tteN±tf 

r 0 0 6 7 3 

P UCBre-011^O ? pAC-Asta^«AL/^lrW=lr2'; y h JUO&YWMhT?*«U 8,000 rpm 
■eWw*tiCUJ:!>, Wfl£«rSTE«»* («ttM3#HR) T«uL 

, 8,000 rp.T10»M«^*ifcK:J:»), *#K + 

jLp ( ! • i ) 4 o o ^ u u v h ;v^sn^T i nmm^o *ifc*^ffift«t 

L 2 75U^AOi«#fco i^y'J*^-6 0 (15g) *7^U7l« 
e^sio SH^^t^-^^^ (7 : 3) (6 : 4) (l : l ) 

#1005'J'J?b )VX-m%.mm U SH&Ltf:37 9 * ~> a >*#;fco 2oii7***-9- 
Vf yRtfT K-*t>f ve*o^O-e, i75^ya>©Pil^ffoft, HPLC-P 
DA-MS#*f (RT 11.98 min. Amax 473 nm, m/z 613.1 [M+H] + ) , 1 H-NMR^^ J: 0 , y 
tUi 2-t Kn^y7^^^rt>f > (2-hydroxyastaxanthin) "C^-S Cfp 
#lri:m2) (H2#M) = ^@H*2,3,2' ,3' -r h 7 * Kn **s-fi , fi-* u r ->-4 [A* - 
y*V (2,3,2' ,3' -tetrahydroxy-0, /?-carotene-4,4' -dione ; 2,2 -^J-***' 

[0 0 6 81 
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[0 3] £rtlWfr*^°-^fc L-CfflWc-^^'f S/a >- (EcoRIri 

it) ©IS***?" Ho . TtTn[r 

104] crtmfr*7v-7tLXm^tzy-*fy^<(7Vy'(-*- :! sz> (BamHIS. 

OTamHT/EcoRlMlfc) Ott*«r*1"Ho 



[06] P ACCAR16AcrtX (^-*nf>M^5^ 5 K) 2»A;*:JM£te ± 
Mm LfcHPLO-PnAfl-«ftt***1"Ho a)pACCAR16AcrtX«A»m^«^fe*^HPLC 
? n7^9A (470 nm) 0 b) P UCBre-0imt/pACCAR16 AcrtXSX^M^M^fe 

S?c7)HPLC?n-7 f^7A (470 nm) o c) 
'b)tC-tfT^-9->^>^^*nL^HPLC^n-v>^9A (470 nm) o 
[07] P ACCAR25AcrtX ^ iAMI^titt 

xmmLtzWLC-Pdkfr%T®iW:*m~rmo a) P ACCAR25AcrtX«A*lrBom^*^H 
PLC^nvh^^A (470 nm) 0 b) pUCBre-01lS.a r l»ACCAR25 AcrtXSA^M^K^ 
fe*OHPLC^n-eh^9A (470 nm) 0 MM*&m<7>^- ? te&W^Zi-LX^ 2> o 
c ) b) m*T** y^- y *&tia LfcHPLC^ nv h ^9 A (470 nm) » 1> 2 li-ttt-etL 

"[08] pAC-Cantha (a^^^V&Sffl^*^ K) SA*»m ^ 
5pJfflt^:HPLC-PDA^«fj|****i-0o a) pAC-CanthaSA*M^^feSttf>HPLC* 
ovf/yA (470 nm) 0 b) pUCBre-Oll^tFpAC-CanthaSA^M^^fe^^HPL 
C?u-?Yy?& (470 nm) 0 frfi&feft^ * »±$cBl-W3 *t"CV>4 0 c) b)KT 
jX^^-t^^^^^inLfcHPLC^n-r > (470 nm) » 3> 4t±-€-*L-€»*U 2,2' - 

y*Kn*>'- j e,/?-#tf-r>'-4,4' -v*^ 2-fc Kn*->-/9. ^-*n r '/- 

4,4' fcrasfe^tLfco 

[09] pAC-Asta (T***^^^^^* 5 F > SA^M *<B3. t LT^J 
fflL7kHPLC-PDA^W»*«r*-tiao a) pAC-Asta*A^»«Og^fe*OHPLC^ n-r 
h^A (470 nm) „ b) pUCBre-Oll^^pAC-AstaSA^mm^M^moHPLC^ n 
? ^7A (470 nm) J&r&fcfeSSO tf- * ^ r v ^ 0 2tt2.3,2' ,3' - 

7-Y?KVu**s-p. /j-*nx>-4-*>fcrajg$*tfco c) b)fc7***'9-2'*-> 
fcigiflLfcHPLC^n^h^A (470 nm) 0 5i±2-H Kn^->T^ R 

[010] »£*JM^£irr&*nxy^ KO««fc-€-*te>w*n^y>f K©I 
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1 SEQUENCE LISTING 

<110> MARINE BIOTECHNOLOGY INSTITUTE CO. , LTD. 

<120> A NOVEL CAROTENOID HYDOROXYLASE GENE AND A METHOD FOR PRODUCING HYDROXY CA 
ROTENOID 

<130> P03-078 

<160> 28 

<170> Patent In Ver. 2.1 

<210> 1 
<211> 519 
<212> DNA 

<213> Brevundimonas sp. 

Ucgatgcgg ggccgacggt catcaccgat ccttcggcgc tggaggagct gttcgagggc 60 
gcggggcgca agctgtcgga ctatgtcgaa ctgctgccgg tcgccccctt ctatcggctg 120 
tgctgggaag acggcgacgt cttcgactac gtcaacggcc aggacgagct ggaccgccag 180 
atcgtcgccc gcaacccggc cgacaaggag ggctatcgcc ggttcctggc ctattcccag 240 
gacctgctga aggaaggcta tctgaagctg ggcgccgtgc cctttctgga cttcgccagc 300 
atggtcaagg cggcgccgga gttgatgcgg ctccaggcct ggcggtcggt ctatgacaag 360 
gtcgccggct atatccagga cgagcatctg cgtcaggcct tcagctttca ctccctgctg 420 
gtgggcggca atccgttcgc cacctcatcg atctacgccc tgatccacgc gctggagcgg 480 
cgctggggcg tctggttccc gcgcggcggc accggcgcc 



<210> 2 
<211> 11991 
<212> DNA 

<213> Brevundimonas sp. 

<220> 
<221> CDS 

<222> (10748).. (11518) 

gaattccccg tgaagatgcg gggttcccgc ggtcagacgg aaagacccta tgaaccttta 60 
ctatagcttc gccttggcgt tagcgaccgt atgtgtagga taggtgggag actatgaaac 120 
cggggcgcca gctctggtgg agtcgtcctt gaaataccac ccttactgtc gttgacgtct 180 
aaccgaggac cgttatccgg tcccgggaca tggcgtggtg ggtagtttga ctggggcggt 240 
cgcctcccaa agtgtaacgg aggcgcgcga tggtgagctc agagcggtcg gaaatcgctc 300 
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gtcgagtgca atggcataag ctcgcctgac tgcgagactg acaagtcgag cagagacgaa 360 
agtcggccat agtgatccgg tggtcccgag tggaagggcc atcgctcaac ggataaaagg 420 
tactctaggg ataacaggct gattttgccc aagagtccat atcgacggca aagtttggca 480 
cctcgatgtc ggctcatcac atcctggggc tggagcaggt cccaagggta tggctgttcg 540 
ccatttaaag tggtacgtga gctgggttca gaacgtcgtg agacagtttg gtccctatct 600 
gccgtgggtg ttcgaagctt gagaggatct gtccctagta cgagaggacc gggatggaca 660 
tacctctggt gtacctgtca tggcgccagc tgtgcagcag ggtagctaag tatggaatag 720 
ataaccgctg aaagcatcta agcgggaaac taacctcaaa acaaggcttc gctgaggatc 780 
gtggaagact accacgttga taggccaggt gtggaagcgc ggcgacgcgt gaagcttact 840 
ggtactaata atccgatcgg tttgatcgtt tctcagcaaa actcattcga tgatcatcaa 900 
tgacccgatg atcgtcacga caatgtcttc tcatcatccg ctgtccgcct cgttgacctg 960 
gtggctatgt cggaggttcc ccacccgatc ccattccgaa ctcggtcgtt aagccctcca 1020 
gagccaatgg tacttcgtct caaggcgcgg gagagtaggt cgccgccggg tctaccaggc 1080 
ggacagccga tgatgaaaaa cctatcgaac ccttcttcct ccacaaacca cccctgccgc 1140 
gggatggagc agcccggtag ctcgtcaggc tcataacctg aaggtcgcag gttcaaatcc 1200 
tgctcccgca cccaaacaat caagccgctg gatcaacgat ccagcggctt tttgctgcct 1260 
gaacccccaa gcccgcgccc ccatcccgga cccgaacgcc aagcgtcggc tctcaaggag 1320 
tgaactggat cgtatgttcg aacgggcggt cgatcgggcg gccgccgtcg cgcgaggggg 1380 
gcgtcgcggt tccgttcatc agggccacag ccgcctcgcc gaacccgtag cccggacggc 1440 
tctccgacag cacgacgcaa tccgagaccc ggccgtcggc acgcccaatg catcgcagtc 1500 
gaaccctgac gtcgtccaag acgggcgctg aggattgggc ggccgccttg atcccgccgg 1560 
acgtcttggg ctgcgccttg gccggatcgg cggcgggcgc cggcgtcgaa ctgagggcgg 1620 
caagagcgaa cagcagggcg aggggcatgg gccatttcct tctcacctat aaggcccgga 1680 
acgccgccgt gttcccttcg ccgacacaaa ggtcgccgaa caggcgttcg gcggcccgca 1740 
agcagccttg gatcaagact cgccgcgcca caaacgccac cagggccgcc agggggtgag 1800 
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gtggtgttcg tggtggcggc cgaagtggaa gcaggtgagc agggaaagaa cggggccgta 1860 
gccgctgctg cgggcgtggt gggcgtcggc gaacggctgg tcggtgtggc ggtgcggcag 1920 
ccaggtgccg aaggtgaaga gctgaagcgc tgaaagcagg gccggcgcgg cccagaaggt 1980 
caggagattg gccggccgcg cccccaggcc gaagagggcg atcaggacca gggcggtcag 2040 
gaccgccatc tcgcgccagc cgaaataggt gcgaaagaag ttcaggaacc agggaaggaa 2100 
ggcgcggggc gccggggcgt aaaagtccgg gtcgtcggcc gtgccgggcg cggcgtggtg 2160 
ggcgtggtgc gccgtcttca gccgatcgaa gcggaagccc gcatagagcc ccagggtcag 2220 
ccggccgact gcggcgttca gccgcggccg tcccggcgcc agggagccgt gcatggcgtc 2280 
atgggcgacg atgaaaaggc cgaccgacaa ccaggtctgg accgctacga tcgccgggac 2340 
gatcaccaga ctggaggtgc cccagcggtg aaaatagacg ccgtagacgt gcaggctccc 2400 
ccatcccgcc acgatcattc ccgccagggt cagaccgatc caggtctggc gcgggacgat 2460 
gcggggctcg gcgacggcgg cggtcatgga ccttgtttaa cccaggccgg cgtcggacgc 2520 
atccgggcgg cttgcccgcc acgcccgccc gtgccacctg tcgcggatgc aggccgccgc 2580 
ccccgacagt tccgcgccgg accttttgct gctggggggc ggcctggcca acggccttct 2640 
ggccctgcgc ctgtcccagg tccggcccga actggacgtg cggatcgtgg aggcggccga 2700 
ccggctgggc gggatccata cctggtcctt cttcgaggcc gatctgacgc cggcgcagcg 2760 
ggcgtggatc gcgcccctga tcgcctgtcg ctggcccggc tattccgtgc ggtttccggc 2820 
gttcgaacgg cggttggtca ccggctattg cagcgtgacg gccgaacggt tcgccgaggc 2880 
ggtgacccag gccctggcgg ggcgcatcgt caccggcgcc gccgtcgtct cggccgggcc 2940 
gaccgaggcg gtcctggcgg acgggcaccg gctgacggcc cgggcggtca tcgacggccg 3000 
ggggccgacc gctgcgccgg acctggccct ggggtttcag aaattcgtcg gcctggaggt 3060 
gcggctgacc gcgcctcacg ggctgaagga accgatcgtc atggacgcct gcgtcgatca 3120 
gtcagggggc tatcgcttcc tctatgtcct gcccttcgac gaccggaccc tgctgatcga 3180 
ggacacccgc tacaccgacg gcgacgacct ggatcacgac ctgttccgaa cgggcgtcag 3240 
ggactacgcc gcgcagcggg gctgggtcat agagacggtt ctgcgcgagg aggagggggt 3300 
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gctgccggtc gccctggacg gcgacatcgc cgcccatctg aagcggctgg ggccgacggc 3360 
gctgagcggc ctgcgcgccg gtctgtttca tccgactacc ggctattccc tgccggacgc 3420 
ggtgcggctg gcggatcatc tggcggagcg tatcgaagcg gcgccggacg gcccggccct 3480 
ggcccaggtc atccgtcgcc atgcgcgcga cgtatgggcg caaagaggct tttatcggct 3540 
gctgaaccgc atgctgtttc gggccgcgcg gccggatcag aggtacaggg tgctggagcg 3600 
gttctatcgc ctgcctcagc cgctgatcga acgcttctat gcgggggaga cgaccttggc 3660 
cgacaaggcg cggatcctca gcggcaaacc cccggtgccg atcggcgccg ccctgacctg 3720 
tctggtcgaa agaggacgtg cgtgatgcga gcagcagtga tcggatcggg gttcgggggg 3780 
ctgtcgctgg ccattcgcct tcagacggcg gggatccaga ccacggtctt cgaggcgcgc 3840 
gacctgccgg gcggccgggc ctatgtctat aaggacaagg gctatacctt cgacgccggg 3900 
ccgaccgtca tcaccgatcc ttcggcgctg gaggagctgt tcgagggcgc ggggcgcaag 3960 
ctgtcggact atgtcgaact gctgccggtc gcccccttct atcggctgtg ctgggaagac 4020 
ggcgacgtct tcgactacgt caacggccag gacgagctgg accgccagat cgtcgcccgc 4080 
aacccggccg acaaggaggg ctatcgccgg ttcctggcct attcccagga cctgctgaag 4140 
gaaggctatc tgaagctggg cgccgtgccc tttctggact tcgccagcat ggtcaaggcg 4200 
gcgccggagt tgatgcggct ccaggcctgg cggtcggtct atgacaaggt cgccggctat 4260 
atccaggacg agcatctgcg tcaggccttc agctttcact ccctgctggt gggcggcaat 4320 
ccgttcgcca cctcatcgat ctacgccctg atccacgcgc tggagcggcg ctggggcgtc 4380 
tggttcccgc gcggcggcac cggcgccctg atccaggcca tggtgcggct gtttcaggac 4440 
ctgggcggcg aaatccggct gaacagtccg gtcgagcgga tcaccctggc gaacgggcgc 4500 
gccgacgggg tggtggtcgg cggccaggcc ctggccttcg acatggtcgc ctccaatgcg 4560 
gacgtggtcc acacctatca gcgcctgctg ggccaggagc cgcgcggccg caaggagggg 4620 
gcgcgtctgg cctccaagcg gcattccatg tccttgttcg tcatctattt cggcctgaag 4680 
cgggtccacc cggaggtgcg ccaccacacg gtgcttttcg gcccgcgcta ccgcgagctg 4740 
atcggcgaaa tcttcaaggg gccggacctg ccccaggact tttccctcta tctgcacgcc 4800 
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ccgacccgca ccgatccgtc cctggcgccc gagggatgcg acgccttcta tgtgctggcg 4860 
ccggtgccgc acctggcctc ggccgacatc gactgggcgg tcgaggggcc gcgctatcgc 4920 
gaccgggtcc tggcctatct ggagcagcac tacattcccg gcctgacggc ccatctggac 4980 
acctgccgca tcttcacgcc cgtggatttc cgcgaccagc tgaacgccca ccagggctcg 5040 
gccttctcgc tggagccgat cctgacccag agcgcctatt tccgcgtcca taatcgcgac 5100 
gaccagatcc ccaacctcta tttcgtcggc gccggcaccc atccgggcgc gggcgtgccg 5160 
ggggtggtgg gctcggccaa ggccaccgcc ggcttgatga tcgaagatgc ggggcggacc 5220 
gcatgagcga cgccgtcctg gaccacagcc gccagtcgat ggagcagggc tccaagagct 5280 
ttgcggccgc cgcccggctg tttccggcgg ccattcggga cgacgcctgg atgttctacg 5340 
cctggtgccg ccattgcgac gacgagatcg acggccaggt cctgggccat ggggcggtcg 5400 
gcatcgaccc ggtcctggcg gggcgcaaac tggtcgaact gcgcgaacgc acggccgccg 5460 
ccctggccgg agagccgcag acggacccgg tcttcaccgc ctttcagcgc gtcgccgccc 5520 
gccacgccat tccggcagag gaggcgatgg acctgttgca ggggttcgag atggacgtgg 5580 
agggccgccg ctacgacacc ctggaggaca cgctggacta cgcctatcac gtcgccggcg 5640 
tggtcggggt gatgatggcc cggatcatgg gggttcagga cgcgccgacc ctgcgccgcg 5700 
cccaggacct gggcctggcc tttcagctga ccaacatcgc ccgagacgtg gtggaggacg 5760 
ccaagggcgg gcgggtttat ctgcccggcc agtggctgga cgaggcgggc gtgccgcgcg 5820 
accaggtcga tcagccccgg catcgtcagg ccgtcgccca tacggcccag cggctggtgg 5880 
cggcggcgga gccctattac gcctcggcgc gctggggctt gcgcgatctc aatccgcgct 5940 
cggcctgggc cgtcgccacg gcgcggggcg tctatcgcgc catcggccgc cacgtctcgc 6000 
gctcgggcgc cacggcctgg gacggccgga cctcggtcga caaggcgggc aagctggccc 6060 
tggtggggcg cggggccctg atcaccctgt ggtgcaagac cctggacgcc tggcgtgaac 6120 
cgccgccgcg cccggccctg tggacccaca tctgacggcg ctcagcgccc ggcgcgtctg 6180 
tgctccatca tcacggccag ggcgatcccg gccagaccca cgccgcccag ggcggcccag 6240 
ccggccagga ccccggcgtt gaagtcgccg cgccagatca gggcctgata ggtctccacg 6300 
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gcccaggcat ggggcgtgat ccagcccagg gcgcggaagg cttcgggcat caggaagcgc 6360 
ggcgccatcg acccgcccag ggccgccagc agcagggcga cgaaggtggt caggggctgg 6420 
gcctgttcgc gcgaccgaca ggccgccgtc agggccaggg ccacccccgc cgcgcacagg 6480 
gcgaccaggg cggcggtcag gagcgccgcc gccgcctgcc aaaacgcaag atccggcagc 6540 
cgaggccagg ccgccaggaa gacggccgcc gactgcatca ggccgaccgt cgtcagccag 6600 
atcgcccgtc ccgccagtat gggcgccgtc ccgccccgcg ccagggccag ccgcgcctgc 6660 
aggcccgagc gccgttcgtc caacccgccc atggcgccgt gcatggcggc gaagaagacg 6720 
aacatcacgc tgaccgcccc ggcgtaatag gcggcctgga cgtcgccctg cggccccacc 6780 
tggcggacgg ggacgtcgcg cgacgggggc gcgggccgac cggccagggc cgccgccgca 6840 
gggaccagcc gcgcctgaag cgccgccgcc gccacgtctc gacccgccgc cgacaccacc 6900 
gtcagctggg gcgcgcctgc atcgtcgcgg gtgatcagaa cgccggcgtc ggcgcggccg 6960 
tcgatcacgg cccgctccac cgcctgggcg tcgtccagac ggcgaaggcg cggccccaga 7020 
tcccgcgaca gcgcctcgcc gacggcggcc gcggccgggg tgcgcgccgc atcgtgcagg 7080 
gccacgctgg cgtcgatgtc gccacgcgcc ccggcgccga agacggcggc gaacagcaga 7140 
tagaccaggg gcggcaaaac cagggtcagg gccatgcccg aacggtcccg ccagaagccg 7200 
cgcgcccagg cgcccgccac cgccatcatg acgaggcgtc cgacagatgg gcgaccaggt 7260 
cgtccaggcc ggggcgacgc acggcgacct cgcccccctc ggcgtccgcc tcgggcgaaa 7320 
ccctctgggc cgcgcccagg gcgtcctcgc acagcagccg ccattccagc ccgtccttgg 7380 
agggcgccag acccgactgg gcgaaccggc tcgcggccag gcgcgaggcg ggccgcggca 7440 
gtttgacgac cagcagccgc gccaggccga aggcctgacg cagcagggcc ttgggcggtc 7500 
cttccgccag cagccggccc tgggccagga cgccgatccg atcggccgtc tcggagacga 7560 
aggcctcgtc gtggctgatc agcagacagc cggcgcccgc ctggaccgtc tcgcgcaggg 7620 
cggacgacag gacgacgcgg gcggcggcgt ccaccccttc ggtcggttcg tcggcgatca 7680 
gcaggcgcgg gcgcccgacc agggcggcgc tgaggttggc gcgccgacgc catccgcccg 7740 
acagtgaatg aaccggctcg tccgccctgg gggcgcatcc ggtcagggcc agggcccgct 7800 
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ccaccgccgc agggcggttg gaacggggaa ggccgcacag ggccgcgacc gccgcgacgt 7860 
tctcgcgcgg cgtcagggcg ggaaagaggg cgcagtcctg gggcgcaagg ccgatgcgtc 7920 
cgcgacgggg cgcgccttcg ccggccgtcg cccgcccgcg ccggacgggg atcaggccgc 7980 
aggccacccg agccgccgtg gacttgcccg ccccgttcgg acccagcagg gcgtaaacct 8040 
ctccggccgc gacggtcagg ttgaaatcgc gcagcaccgg cccttcgccg tagcccgcct 8100 
cgacgtcctt cagaaccagc gccggcgcga cgctagcgtc caagttcggc ctgccggaag 8160 
agatgaagga cataggtcgt cagggggctg tcgtgcccga ccgcctcggc cgcccgggcc 8220 
agtgactggc gcaccccggc gcggacccgg ccttcgcccc acaggtccac gaaggtggtc 8280 
acgccctgat cctgacccac gtccttgccc aaggcctcgc tcgtcgaaca ggcgtccatc 8340 
aggtcgtcgc aaagctggaa ggcgaagccg accgcttcgc cgaaggcggc gagacgcgcc 8400 
aggtcgtccg catcgccgcc gcccatccgg ccgccgcccc gcgcggccgc gacgaacagg 8460 
gcgccggtct tcagatcgtt gatccgacgc agggcgacca cgtcgcgctg aacgggatcg 8520 
tcgcgcagat cgcgcatctg gccctcggcc aggccgtcga agccgatcgc ctgcgtcaaa 8580 
tcgtccaggg cgcccagccg cgcctccgac ggcgcccggc tttgcagaat cagccgggtc 8640 
gattggttca aaagggccac ggccgccagc acggccgcat cctcgccgtg gcggcggtgc 8700 
agggtcggct gaccgcgccg caaggccgca tcatccatac agggcaggtc gtccagaacc 8760 
agggaggcgg catgggccat ttcgaccgcg caaccgaaat ccagggcgtc ctcggcccgc 8820 
ccgccgacgt gcgcggcggc caacatggcc acgaccggcc tgacccgctt gcccggtccc 8880 
agcagggcct cgcgcgcggc gagggctaaa agaccgtccg atgagggcgc cgtctcggcc 8940 
agccggtcct gcaccaggcc acgcagattc tcgggcgact gaggttcggg gtccgacacg 9000 
ggctggggcc ttaagccgac gatcgccata cgggtctcct gatgtccttc gacagtcgcg 9060 
ttgcgaccct gggctgacgc attatgatca catacggcat cacgactgcg tcggatgcaa 9120 
cccgccagag catgatcgtt tcggagggaa ccgctaggag cgtttgcgat gcccaccccc 9180 
gacgacgccc tgatccgacg caaggacgaa cacatcgacc acgtgcgggc cggacggggt 9240 
ctcagcggcg cgtcctcggg actggaggcg gtgcgtttcg tccatgacgc cttgccggac 9300 
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ctggccctcg accagatcga cctgtccgcc cgtttcctgg ggcggcggct gaacctgccc 9360 

ttcctgatca gttcgatgac cggcggcccg tcgcgggccg aggcgatcaa tgcgcggctg 9420 

gccgaggcgg cccaggccct gggcgtggcc ctggcggtcg gctcccagcg cgtcgccctg 9480 

gagacggccg gcgggtccgg cggctcgggc ttggggccgg atctgcgccg ccgggcgccc 9540 

gacgccctga tcctggccaa tctgggggcg gtgcagttcg ccctgggcta tggggtggac 9600 

gaggcgcgcc gggccatgga gatgatcggc gccgacgccc tgatcctgca tctgaatccg 9660 

cttcaggaag gcgtccagcc cgagggcgac cgcgactggc gcggcgtggc ccaggggatc 9720 

gagcggatcg ccgccgcctt tccgggccag gtggtggtca aggagaccgg cgccggcctg 9780 

tcggccgccg tcgcccggcg cctggccgac atgggcgtcg cggccctgga cgtggcgggg 9840 

gcgggcggca ccaactgggg cctgatcgaa ggggcgcggg ccaccggcgg gcgggccgag 9900 

gccttggccg cccccttcgc cgactggggg gtgccgacgg cccgcagcct ccgcgactgc 9960 

gcccaggccg ccccggacct ggggctgatc ggctcgggcg ggatcaagga cggtctggat 10020 

gcggcccgcg ccgtccgcct gggggccgat ctggtcggcc aggccgccgg ggtgctggag 10080 

gcggccctga cctcgaccca ggcggtggtc gatcatttcg agctgatggc ggcccagctg 10140 

cggctcgcct gtttctgcac gggctccgcc gatctggcgg ccctcgctca ggcgccgctg 10200 

ctggaagagc cccgcttctg agccagttcg gccttcagcg cccgcgccga ccgcacccac 10260 

agaaagccga aggagacgca gccttcgcgc gtgcgcacgg cgtgatgcag acggtgcgcc 10320 

tggatgcgcc gcgtccagaa gccggaccgc ccggaaaagc ccgtcgggaa ccgccggtgc 10380 

accaggccgt cgtggaagaa gaaatagacc atcccatagg ccgtgatccc caggccgacc 10440 

ggcagggccc agggccacag gtgcagaccc acggccacca tgacgatggc cggggcggcg 10500 

aagaccacgg cgaacaggtc gttcttctcc agggggtgat cgtgcggctc atgatggctg 10560 

cggtgccagg accacaggaa accgtgcatc acatagcggt gcatgatcca ggcgaacgcc 10620 

tccatgccca aaaaggcggt caggaacagc gcgatccacg tcagccaggc catggcccca 10680 

gcataggcgg tttgatccgc cttcgccacg acttgaccgc cgcagggatt tgaccgtctg 10740 

tgccccc atg ttg agg gat ctg etc ate acc acc ctg gcg ctg age ctg 10789 
Met Leu Arg Asp Leu Leu He Thr Thr Leu Ala Leu Ser Leu 
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1 5 10 

ate ate ggc ctg cgc tat ctg ctg gtc ggc gcg gcg gec cat ggg ctg 
He He Gly Leu Arg Tyr Leu Leu Val Gly Ala Ala Ala His Gly Leu 
15 ' 20 25 30 

ctg tgg gec ggg gcg ggc egg gga egg gcg ctg aac ctg egg ccg ccg 
Leu Trp Ala Gly Ala Gly Arg Gly Arg Ala Leu Asn Leu Arg Pro Pro 
35 " 40 45 

gcg atg aag cgc ate cgc gee gag ate gtc gee tec ctg ate gee tgc 
Ala Met Lys Arg He Arg Ala Glu He Val Ala Ser Leu He Ala Cys 
50 55 60 

ccc ate tac gec ctg ccg gcg gee ctg gtg ctg gag ctg tgg aag egg 
Pro He Tyr Ala Leu Pro Ala Ala Leu Val Leu Glu Leu Trp Lys Arg 
65 70 75 

ggc ggg acg gcg ate tac age gat ccc gac gec tgg ccc ctg tgg tgg 
Gly Gly Thr Ala He Tyr Ser Asp Pro Asp Ala Trp Pro Leu Trp Trp 
80 85 90 

ctg ccg gtc agt ctg ate gtc tat ctg ctg gcg cac gac gee ttc tac 11077 
Leu Pro Val Ser Leu He Val Tyr Leu Leu Ala His Asp Ala Phe Tyr 
95 100 105 HO 

tac tgg gtg cac agg gee ctg cat cac ccg cgc gtc ttc ggc tgg gec 11125 
Tyr Trp Val His Arg Ala Leu His His Pro Arg Val Phe Gly Trp Ala 
115 120 125 

cat gee gaa cac cac egg teg cgc gac ccc age gec ttc gee tec ttc 11173 
His Ala Glu His His Arg Ser Arg Asp Pro Ser Ala Phe Ala Ser Phe 
130 135 140 

gec ttc gac ccg gee gag get gcg gee ace gee tgg ttc ctg ccc gee 11221 
Ala Phe Asp Pro Ala Glu Ala Ala Ala Thr Ala Trp Phe Leu Pro Ala 
145 150 155 

ctg gee ctg ate gtg ccg ate cac tgg ggc gtg gec ctg ace ctg ctg 11269 
Leu Ala Leu He Val Pro He His Trp Gly Val Ala Leu Thr Leu Leu 
160 165 170 

acg ctg atg teg ctg acg gee gee ctg aac cat gcg ggg cgc gag gtc 11317 
Thr Leu Met Ser Leu Thr Ala Ala Leu Asn His Ala Gly Arg Glu Val 
175 180 185 190 

tgg ccc gee gec tgg ctg gag egg gcg ccg ctt cgc tgg ctg ate ace 11365 
Trp Pro Ala Ala Trp Leu Glu Arg Ala Pro Leu Arg Trp Leu He Thr 
195 200 205 
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gcc acc cac cac gac gcc cac cac aag egg ttc aac gga aac tac ggc 11413 
Ala Thr His His Asp Ala His His Lys Arg Phe Asn Gly Asn Tyr Gly 
210 215 220 

etc tat ttc cag ttc tgg gac cgc tgg gcc ggg act gag gtt teg gcc 11461 
Leu Tyr Phe Gin Phe Trp Asp Arg Trp Ala Gly Thr Glu Val Ser Ala 
225 230 235 

gcc ccc teg cca cca tec ccg gtc ate cct cca gag egg ccc tea gcg 11509 
Ala Pro Ser Pro Pro Ser Pro Val He Pro Pro Glu Arg Pro Ser Ala 
240 245 250 

cct ctt egg tgateggett ggtcagggcg ggcgtgggcg cccaggccgg 11558 

Pro Leu Arg 

255 

tcgccatctg cagtatggac gaegaggeca gacgtccccc gccgctcatg gcgatgaccc 11618 
gcagggagtc cctcaaatgc cgggtgtcca tgatgaagtt cagcccgtcg cggtccggca 11678 
tcagaatgtc caccagcacg gcgtcgggcg accagtcctc gacgatccgc aacccgtcgt 11738 
tgaccgttgc tgeggtcagg acttggcaac ccagccgttt cagcatctcc tccagatgaa 11798 
gcagaaccag cgaatcgtcc tcgatcacgc agactttcac gcccaacctc cagatgegat 11858 
cagggggaac taacggatga atcccatgtt gcgtcaactc ggaagaegge gtttccgact 11918 
ggccatcgcc ttggcgggcg eggtegtgae cctgcttctg gcggccactg gggtgacgct 11978 

11991 

gcaacgagaa ttc 



<210> 3 
<211> 774 
<212> DNA 

<213> Brevundimonas sp. 

<220> 
<221> CDS 
<222> (1)..(771) 



<400> 4 

atg ttg agg gat ctg etc ate acc acc ctg gcg ctg age ctg ate ate 
Met Leu Arg Asp Leu Leu He Thr Thr Leu Ala Leu Ser Leu He He 
15 10 15 



48 



96 



ggc ctg cgc tat ctg ctg gtc ggc gcg gcg gcc cat ggg ctg ctg tgg 
Gly Leu Arg Tyr Leu Leu Val Gly Ala Ala Ala His Gly Leu Leu Trp 
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gcc ggg gcg ggc egg gga egg gcg ctg aac ctg egg ccg ccg gcg atg 144 
Ala Gly Ala Gly Arg Gly Arg Ala Leu Asn Leu Arg Pro Pro Ala Met 
35 " ~ 40 45 

aag cgc ate cgc gcc gag ate gtc gcc tec ctg ate gcc tgc ccc ate 
Lys Arg He Arg Ala Glu He Val Ala Ser Leu He Ala Cys Pro He 
50 55 60 

tac gcc ctg ccg gcg gcc ctg gtg ctg gag ctg tgg aag egg ggc ggg 
Tvr Ala Leu Pro Ala Ala Leu Val Leu Glu Leu Trp Lys Arg Gly Gly 
65 70 75 80 

ace gcg ate tac age gat ccc gac gcc tgg ccc ctg tgg tgg ctg ccg 
Thr Ala He Tyr Ser Asp Pro Asp Ala Trp Pro Leu Trp Trp Leu Pro 
85 90 95 

gtc agt ctg ate gtc tat ctg ctg gcg cac gac gcc ttc tac tac tgg 
Val Ser Leu He Val Tyr Leu Leu Ala His Asp Ala Phe Tyr Tyr Trp 
100 105 HO 

gtg cac agg gcc ctg cat cac ccg cgc gtc ttc ggc tgg gcc cat gcc 
Val His Arg Ala Leu His His Pro Arg Val Phe Gly Trp Ala His Ala 
115 120 125 

gaa cac cac egg teg cgc gac ccc age gcc ttc gcc tec ttc gcc ttc 
Glu His His Arg Ser Arg Asp Pro Ser Ala Phe Ala Ser Phe Ala Phe 
130 135 140 

gac ccg gcc gag get gcg gcc ace gcc tgg ttc ctg ccc gcc ctg gcc 
Asd Pro Ala Glu Ala Ala Ala Thr Ala Trp Phe Leu Pro Ala Leu Ala 
145 150 155 160 

ctg ate gtg ccg ate cac tgg ggc gtg gcc ctg acc ctg ctg acg ctg 
Leu He Val Pro He His Trp Gly Val Ala Leu Thr Leu Leu Thr Leu 
165 170 175 

atg teg ctg acg gcc gcc ctg aac cat gcg ggg cgc gag gtc tgg ccc 
Met Ser Leu Thr Ala Ala Leu Asn His Ala Gly Arg Glu Val Trp Pro 
180 185 190 

gcc gcc tgg ctg gag egg gcg ccg ctt cgc tgg ctg ate acc gcc acc 
Ala Ala Trp Leu Glu Arg Ala Pro Leu Arg Trp Leu He Thr Ala Thr 
195 200 205 

cac cac gac gcc cac cac aag egg ttc aac gga aac tac ggc etc tat 
His His Asp Ala His His Lys Arg Phe Asn Gly Asn Tyr Gly Leu Tyr 
2io 215 220 



192 



240 



288 



336 



384 



432 



480 



528 



576 



624 



672 
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ttc cag ttc tgg gac cgc tgg gcc ggg act gag gtt teg gec gee ccc 
Phe Gin Phe Trp Asp Arg Trp Ala Gly Thr Glu Val Ser Ala Ala Pro 
225 230 235 240 



egg tga 
Arg 



720 



teg cca cca tec ccg gtc ate cct cca gag egg ccc tea gcg cct ctt 768 
Ser Pro Pro Ser Pro Val He Pro Pro Glu Arg Pro Ser Ala Pro Leu 
245 250 255 



774 



<210> 4 
<211> 257 
<212> PRT 

<213> Brevundimonas sp. 
<400> 4 

Met Leu Arg Asp Leu Leu He Thr Thr Leu Ala Leu Ser Leu He He 
1 5 10 15 

Gly Leu Arg Tyr Leu Leu Val Gly Ala Ala Ala His Gly Leu Leu Trp 
20 25 30 

Ala Gly Ala Gly Arg Gly Arg Ala Leu Asn Leu Arg Pro Pro Ala Met 
35 40 45 

Lys Arg He Arg Ala Glu He Val Ala Ser Leu lie Ala Cys Pro He 
50 55 60 

Tyr Ala Leu Pro Ala Ala Leu Val Leu Glu Leu Trp Lys Arg Gly Gly 
65 70 75 80 

Thr Ala He Tyr Ser Asp Pro Asp Ala Trp Pro Leu Trp Trp Leu Pro 
85 90 95 

Val Ser Leu He Val Tyr Leu Leu Ala His Asp Ala Phe Tyr Tyr Trp 
100 105 HO 

Val His Arg Ala Leu His His Pro Arg Val Phe Gly Trp Ala His Ala 
115 120 125 

Glu His His Arg Ser Arg Asp Pro Ser Ala Phe Ala Ser Phe Ala Phe 
130 135 140 

Asd Pro Ala Glu Ala Ala Ala Thr Ala Trp Phe Leu Pro Ala Leu Ala 
U5 150 155 160 

Leu He Val Pro He His Trp Gly Val Ala Leu Thr Leu Leu Thr Leu 
165 170 175 
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Met Ser Leu Thr Ala Ala Leu Asn His Ala Gly Arg Glu Val Trp Pro 
180 185 190 

Ala Ala Trp Leu Glu Arg Ala Pro Leu Arg Trp Leu He Thr Ala Thr 
195 200 205 

His His Asp Ala His His Lys Arg Phe Asn Gly Asn Tyr Gly Leu Tyr 
210 215 220 

Phe Gin Phe Trp Asp Arg Trp Ala Gly Thr Glu Val Ser Ala Ala Pro 
225 230 235 240' 

Ser Pro Pro Ser Pro Val He Pro Pro Glu Arg Pro Ser Ala Pro Leu 
245 250 255 



Arg 



<210> 5 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 5 

tacgaattcg atgcccctcg ccctg 



<210> 6 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 



<400> 6 

tagaggatcc tcaaggagtg aactggatcg ta 



<210> 7 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: primer 

<400> 7 . 
tacgaattcg atgaccgccg ccgtcg 



<210> 8 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 8 

tagaggatcc tcaagactcg ccgcgccaca a 



<210> 9 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 9 

tacgaattcg ctgtcgcgga tgcaggc 



<210> 10 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 10 q? 
tagaggatcc tgcggttcag cagccgataa aa 



<210> 11 
<211> 31 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 
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<400> 11 

tacgaattcg atgcgagcag cagtgatcgg a 



<210> 12 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 12 

tagaggatcc aagctcttgg agccctgct 



<210> 13 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 13 

tacgaattcg atgagcgacg ccgtcct 



<210> 14 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 14 

tagaggatcc tcagatgtgg gtccacagg 



<210> 15 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence '.primer 



31 



29 



27 



29 



<400> 15 
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tacgaattcg atgatggcgg tggcgggc 
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28 



<210> 16 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 16 28 
tagaggatcc cccacatctg acggcgct 



<210> 17 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 17 31 
tacgaattcg atgtccttca tctcttccgg c 



<210> 18 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 18 28 
tagaggatcc accgccatca tgacgagg 



<210> 19 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 19 29 
tacgaattcg atggcgatcg tcggcttaa 
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<210> 20 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:primer 
<400> 20 

tagaggatcc ctagcgtcca agttcggcct 



<210> 21 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 21 

tacgaattcg atgcccaccc ccgacgacg 



<210> 22 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 22 

tagaggatcc tcagaagcgg ggctcttcca 



<210> 23 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence '.primer 
<400> 23 

tacgaattcg atggcctggc tgacgtggat 



<210> 24 
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<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 24 

tagaggatcc tcaggcgccg ctgctggaa 



<210> 25 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 25 

tacgaattcg atgttgaggg atctgctcat ca 



<210> 26 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 26 29 
tagaggatcc tcaccgaaga ggcgctgag 



<210> 27 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 27 ' 2Q 

tacgaattcg atgctgaaac ggctgggtt 



<210> 28 
<211> 31 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 28 

tagaggatcc ctatttccag ttctgggacc g 61 



{iiiE# 2004-3115235 



#gg 2003-388165 



1/ 



[#2S£] 015 
[Hi] 




ttiiE^ 2004-3115235 



#0 2003-388165 



2/ 



[021 



,OH 




U,2'.3'-rb7tFo^y-|3, 3-*Pr >-4, 4' -5?* > 
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[0 3] 



23. 1 kb-> 

9.4 kb-* 

6.5 kb-* 
4.3 kb-> 
2.3 kb^ 
2.0 kb-+. 
1.3 kb-* 

1.0 kb^ 



M 



EcoR I 

— * - SD~ 

5-1 5-2 7-1 8-1 9-1 10-1 SCS 212 




12 kb 



M:«g--fX^T— * — U/J5E6idin- <f>X174/HaelII digest) 
5 1-10 1:3X5 Y9U-> 
SCS SuperCosl 
SD212 : SD-212 5£fi#DNA 
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[0 4] 

BamH I BamH I + EcoR I 




M : 1M XV—* — (A/ .ffind ni - <f> X174flHaeIII digest ) 
5-2-9-1 : 375 H^O — > 
SD212 : SD-212 DNA 

SCS :37SP^^ — SuperCosl <DBamR I /.SeoR I iS'fbtl 
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